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SUMMARY 


An investigation was made in the Langley stability tunnel to deter- 
mine the effects on the steady-state yawing derivatives of the vertical 
position of the wing for a 6o° delta-wing model having ratios of fuselage 
diameter to wing span of 0.125^ O.I65, and 0.246. The test Mach number 

was 0.15 and the Reynolds number was I.65 x 10^. The results of the 
investigation indicated that for angles of attack below the stall the 
steady-state damping in yaw decreased (the values of the yawing -moment 
coefficient due to yawing became less negative) when the wing was raised 
from a low to a middle or high position on each of the three fuselage 
sizes investigated. With the vertical tail on or off, the steady-state 
damping in yaw increased with an increase in fuselage size. The results 
of calculations of the oscillatory damping in yaw for the model with the 
large fuselage indicated that the effects of wing position would be oppo- 
site to those determined under steady-state conditions. For angles of 
attack below the stall, raising the wing produced a positive increment in 
the rolling moment due to yawing, and fuselage size had little effect on 
this parameter. 


INTRODUCTION 


Preliminary stability analyses of new airplane designs are, in many 
cases, made with stability derivatives which have been estimated by 'vari- 
ous means, such as In reference 1. As shown in references 2 and 5 the 
degree of acctiracy of some of these estimated derivatives is always a 
matter of question; this is especially true in the moderate and high 
ranges of angle of attack or when a design departs from a simple body of 
revolution (ref. 4). Experience has shown, however, that in order to 
obtain more accurate estimates of the dynamic stability of a given design, 
it is necessary to use stability derivatives which are determined 
experimentally . 
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The present experimental investigation was undertaken, as a con- 
tinuation of the work of reference "to show some effects of airplane 
design variables on the lateral derivatives of airplane models; namely, 
the effects on the steady-state yawing derivatives of changes in verti- 
cal position of the wing for a 60 ° delta-wing model having ratios of 
fuselage diameter to wing span of 0.125, O. 165 , and 0.246. The deriv- 
atives were obtained at a Mach number of 0.15 and a Reynolds number 

of 1.65 X 10 ^. 


SYMBOLS 


The data presented herein are referred to the stability system of 
aoces shown in figure 1. The center of gravity was located at the pro- 
jection of the wing 0.25 mean aerodynamic chord on a plane passing 
through the fuselage center line of each model. The coefficients and 
symbols used herein are defined as follows: 

Cl lift coefficient, 


Cy 


side-force coefficient. 


Side force 
qS 


rolling-moment coefficient. 


Rolling moment 
qSb 


b 

S 

c 


c 


q. 


j -I a. Yawing moment 

yawing-moment coefficient, = 

qSb 


wing span, ft 
wing area, sq ft 

local chord parallel to plane of symmetry, ft 


b /2 


o r ^ 2 

mean aerodynamic chord, ^ c dy, ft 

S Jo 


dynamic pressirre, Ib/sq ft 


P 


mass density of air, slugs /cu ft 
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V 

y 

a 

P 

t 

t 

r 

rb 

2V 


airspeed, ft/sec 

spanwlse distance measured from and perpendicular to plane 
of symmetry, ft 

angle of attack of fuselage center line, deg 
angle of sideslip, radians 
time, sec 

angle of yaw, radians 

yawing angular velocity, df/dt, radlans/sec 
yawing-angular -velocity parameter, radians 


Cy 

- ^ 


2V 


_ 8Cn 
«r ■ ^ 
2V 



8p 





p = ^ 

St 
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Subscripts : 

00 measured under oscillatory conditions 

V vertical tall 


APPARATUS, MODELS, AND TESTS 


The tests of the present investigation were made in the 6- by 6-foot 
curved-flow test section of the Langley stability tunnel, in which the 
airstream is curved about a strut-supported model in order to simulate 
an airplane in curved flight. (See ref. 6.) The strut was rigidly 
attached to an electromechanical balance system. 

The models used for the present investigation consisted of a 
5 -percent -thick, 60 ° delta wing momited in a low, middle, or high posi- 
tion on each of three fuselages which had ratios of maximum fuselage 
diameter to wing span of 0.125, O. 165 , and 0.246. The fuselage fineness 
ratios corresponding to the ratios of fuselage diameter to wing span 
were 12, 9, 6, respectively. The length of each fuselage was 

54.00 Inches. A single vertical tail was common to all configurations, 
and this was the vertical tail designated as Vj in reference 5* Since 

the fuselage diameter at the base varied when the ratio of fuselage diam- 
eter to wing span was changed, the overall span of the vertical tail 
also varied. The exposed area of the tail, however, was approximately 
the same for all models. The models did not have a horizontal tail. A 
drawing of the models is presented as figure 2, and additional data may 
be obtained from table I and from reference 5* 

In order to obtain the steady-state yawing derivatives, the models 
were tested, tall on and off, through a range of angle of attack from -4° 

to 56 ° at values of ^ of 0, -O.O 516 , -O. 067 O, and -O.O 88 I. The angle of 

sideslip was 0° for all tests. The Mach number was 0.13, and the Reynolds 

number was I .65 X 10°. 


CORRECTIONS 


The angle of attack was corrected for the effects of the jet bound- 
aries by the methods of reference 7* Corrections were applied to the 
derivatives to account for the pressure gradient associated with curved 
flow. (See ref. 6.) Blockage corrections were considered to be neg- 
ligible and hence were not applied. The effects of the support strut on 
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the derivatives were not determined hut, on the basis of past experience., 
they were not expected to Influence the accuracy of the data presented 
herein. 


RESULTS AMD DISCUSSION 


Presentation of Results 

The relation between the angle of attack and the lift coefficient 
is presented in figure 3 for each configuration. The effect of the verti- 
cal position of the wing on the steady-state yawing derivatives for the 
model with each of the three fuselage sizes is shown in figure 4 with 
the vertical tail on and in figure 5 with the vertical tail off. The 
effects of the wing position and the fuselage size on the value of C, 

Lj, 

and Cjj^ at an angle of attack of 0° are summarized in figure 6. 


Effect of Wing Position and Fuselage Size on Cj^ 


The effects of vertical position of the wing on the derivatives 
Cj^ (figs. 4 and 5) aJ^d (vef. 5) similar in the low and mod- 

erate ranges of angle of attack since an upward displacement of the wing 
produces a positive increment in these derivatives. In the low range 
of angle of attack, the data of figures 4 and 5 indicate that an increase 
in the ratio of fuselage diameter to wing span increases the magnitude 
of the effect on Cj^ produced by raising the wing. However, the data 

of figure 6, where the derivatives and are plotted against 


the ratio of wing height to wing span, indicate that only a small part 
of this Increase is caused by the increase in fuselage diameter since 
the variation of with ratio of wing height to wing span was about 

the same for all fuselage sizes. The major Increase in was caused 

by the increased wing height in terms of wing span since the ratio of 
wing height to fuselage diameter was 0.355 for all models. The tail 
contribution to decreases slightly as the wing is moved from the 

low to the middle or high position and is essentially \maffected by 
changes in fuselage size (fig. 6). For the range of wing positions and 
fuselage sizes investigated, the value of near a = 0° varies 


linearly with changes in wing position. 
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Effect of Wing Position and Fuselage Size on 

With the tall on and for angles of attack helow the stall, raising 
the wing decreases the value (becomes less negative) of and 

increasing the fuselage size increases the value of Cn^, (fig. 4). With 

the tail off, the effects of the wing position are smaller and somewhat 
different from the tail-on results in the low range of angle of attack 
inasmuch as the midwing position has the least value of 

(figs. 5 and 6) and the high and low positions have values of Cn^ which 

are nearly equal for a given fuselage size. With the tail off (fig. 5), 
the effects of fuselage size on are similar to those with tail on. 

The tail contribution to Cn^. decreases as the wing is raised and 
slightly increases as the fuselage size is Increased (fig. 6). 


Comparison of Steady-State and Oscillatory Damping in Yaw 

The results of an investigation of a 45° swept-wing model (ref. 8) 
have indicated that raising the wing increased the damping in yaw deter- 
mined under oscillatory conditions Cn^. ^ - Cnj^ ^ whereas in the present 

investigation the steady-state damping in yaw C^j., as determined from 

curved-flow tests, decreased when the wing was raised. 

In order to indicate whether differences exist in the steady and 
oscillatory damping in yaw for the present models, calculations were 
made, by using the method of reference 8, and the sidewash data from 
reference 5, to determine the effect of wing position on the oscillatory 
damping in yaw for the model with the langest fuselage diameter. Since 
it was shown in reference 8 that almost equal values of the steady- state 
and oscillatory damping in yaw were obtained when the tail was removed 
(a = 0°), it was assumed that a similar circumstance occurred for the 
present investigation. In effect, therefore, the steady-state value of 
Cxij. and the value of Cn^ determined under pure yawing oscillatory 

conditions (no sideslipping) were assumed to be equal. The total oscil- 
latory damping in yaw was obtained by the addition of the steady- state 
damping in yaw of the wing-fuselage combination and the tail contribution 
to the oscillatory damping in yaw as expressed by ,03 - S,03)/ 

The calculated resiilts are shown in figvire 6 and indicate that under 
oscillatory conditions, where the angle of sideslip is changing as well 
as the angle of yaw, the p contribution to the damping is quite appre- 
ciable, as was noted in reference 8, and the effects of wing position 
may be opposite to those for the steady-state condition. The results 
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of additional calc+ilations (not presented) indicate that the effect of 
fuselage size on the tail contribution to the oscillatory damping in yaw 
was negligibly small for the models of this investigation at an angle of 
attack of 0°. 


CONCLUSIONS 


Results of an investigation made in the Langley stability tunnel 
to determine the effects of wing position and fuselage size on the 
steady- state yawing derivatives of a 60 ° delta-wing model indicated the 
following conclusions: 

1. For angles of attack below the stall, the steady- state damping 
in yaw decreased (the values of the yawing-moment coefficient due to 
yawing became less negative) when the wing was raised from a low to a 
middle or a high position on fuselages having ratios of the maximum diam- 
eter to wing span of 0.125, O. 165 , and 0.246. This was the result of 

a decrease in the tail contribution to the steady-state damping in yaw 
when the wing was raised since the effect of wing position on the damping 
in yaw for the wing-fuselage combination was small. With the vertical 
tail on or off, the steady- state damping in yaw increased with an increase 
in fuselage size. 

2. The results of calculations of the oscillatory damping in yaw 
for the model with the large fuselage indicated that the effects of wing 
position would be opposite to those determined under steady-state 
conditions . 

5 . For angles of attack below the stall, raising the wing produced 
a positive increment in the rolling moment due to yawing, and fuselage 
size had little effect on this paj?ameter. 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., J+oly 25, 1956. 
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TABLE I.- GEOMEJERIC CHARACTERISTICS OF MODELS 


Fuselage ; 


Fineness ratio 


9 

6 

Maximum diameter, in 

. . 4.5 

6.0 

9.0 

Ratio of maximum diameter to 

wing span 


0.165 

0.246 


Wing: 

Aspect ratio 

Taper ratio . . . 

Leading-edge sweep angle, deg 

Dihedral angle, deg 

Twist, deg 

Area, sq. in 

MCA airfoil section parallel to plane of symmetry 


Vertical tail: 

Aspect ratio 2.18 

Taper ratio 0 

Leading-edge sweep angle, deg 42.5 

Area for 12.00-lnch span, sq in 66.0 

MCA airfoil section parallel to root 65-OO6 

Tail length from center of gravity to 0.25 mean aerodynamic 

chord of tall, in 21.5 

Ratio of tail area to wing area O.II5 

Ratio of tail length to wing span 0.59 


2.51 

0 

60 

0 

0 

576.7 

65AOO5 


o 


Cl 





Figure 1.- Stability system of axes. Arrows indicate positive angles, 

velocities, and coefficients. 
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Figure 2.- Details of models. Dimensions are in inches. 


Lift coefficient, 


M 

ro 



Angle of attack, OC, deg 


(a) Vertical tail on. 


Figure 3 .- Variation of lift coefficient with angle of attack for the 
various models. Ratios of fuselage diameter to wing span are 0.125, 
0 . 165 , and 0.246. 


Ni VOVM 



Angle of attack, CC, deg 


(t) Vertical tail off. 


Figure 5.- Concluded 
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Angle of attack, OC, deg 


9 

V' 


(a) Ratio of fuselage diameter to wing span of O.I25. 

Figure 4.- Variation of yawing derivatives with angle of attack for the 
various models with a vertical tail on. 
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Angle of attack, OC, deg 

(b) Ratio of fuselage diameter to wing span of 0.l65. 
Figure 4,- Continued. 
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8 12 16 20 24 28 32 36 40 

Angle of attack, OC, deg 


(c) Ratio of fuselage diameter to wing 


span of O.2I+6. 


Figure 1+.- Concluded 
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Angle of attack, OC, deg 


(a) Ratio of fuselage diameter to wing span of 0.123* 

Fig\nre 5 .- Variation of yawing derivatives with angle of attack for the 
various models without a vertical tail. 




18 


MCA TN 5845 



8 12 16 20 24 28 32 36 40 

Angle of attack, OC, deg 


(b) Ratio of fuselage diameter to wing span of O.I 65 . 


Figure 5»- Continued. 


MCA TN 5845 


19 



(c) Ratio of fuselage diameter to wing span of 0.246. 


Figure 5.- Concluded. 
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Fuselage diameter 
Wmg span 

O 0.123 

□ 0. 165 

O 0.246 

Tad on 

Tad off 



or 

^n ~ ^n- 
/9,o) 



Low Mid High 


Wmg height 
Wmg span 


Figure 6.- Summary of effects of wing position and fuselage size on the 
steady-state yawing derivatives of a 6o° delta-wing model, a = 0°. 
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